Introduction
============

An essential principle in total knee arthroplasty (TKA) is soft tissue balance that is obtained by symmetrical medial and lateral flexion-extension gaps in the coronal plane[@B1],[@B2],[@B3]. Proper bone resection and soft tissue balance are required to create adequate joint spaces determined, in general, by the size of flexion and extension gaps in 90° knee flexion[@B4],[@B5].

It has been traditionally perceived that the extension gap of the knee should be assessed with both the hip and knee in neutral position. In contrast, there is room for controversy regarding the optimal hip flexion position for accurate measurement of the flexion gap of the knee. This is because tension of the adjacent soft tissues, including the iliotibial band and the quadriceps muscle, deemed affected by the hip flexion position and the weight of the thigh may have an influence on the knee joint space.

The purpose of this study was to investigate the impact of different hip-knee flexion positions (45°-90° vs. 90°-90°) on the flexion gap of the knee in TKA using a navigation system for measurements. Our hypothesis was that the flexion gap would be significantly reduced when the hip is in 45° of flexion due to the thigh weight.

Materials and Methods
=====================

Of the patients who underwent primary TKA for osteoarthritis of the knee at our institution between May 2010 and April 2011, those who had navigation-assisted TKA and gave consent for participation were included in the study. The exclusion criteria were the presence of a disorder other than osteoarthritis, a history of prior surgery, \<90° of preoperative range of motion, ≥20° of varus-valgus deformity, and anteroposterial or mediolateral instability in the operated knee. In the total study population, there were 25 knees (11 left and 14 right knees) in 20 patients (4 males and 16 females). Their mean age at the time of surgery was 66.9 years (range, 53 to 76 years) and the mean body mass index was 26.07 kg/m^2^ (range, 21.33 to 28.48 kg/m^2^).

TKA was performed using a posterior cruciate ligament (PCL) substituting PFC Sigma knee system (DePuy Orthopedics, Warsaw, IN, USA) under the navigational guidance of Ci knee essential system (DePuy Orthopedics) in all patients.

All the operations were performed by the same surgeon using a medial parapatellar approach with the hip and knee joints placed in 45° flexion position and a tourniquet applied. After joint exposure, infrared camera trackers were anchored to the distal femur and the anteromedial aspect of the proximal tibia, and the center of the hip located through rotational exercises was registered. Subsequently, locations of the anatomical structures in the femur and tibia were registered using a probe in the Ci knee system. Under the guidance of the Ci knee system using the gap technique, tibial resection was performed with the goal of creating 0° of varus-valgus angulation in the coronal plane and 4° of posterior slope in the sagittal plane. Femoral resection was performed to make the anatomical axis be in 6° valgus relative to the mechanical axis. With a trial prosthesis positioned in place, the mechanical axis of the lower limb, extension and flexion gap balance, and medial-lateral soft-tissue balance were assessed using navigation system. When proper bone resection and soft-tissue balance were considered achieved, the thickness of the polyethylene insert was determined according to the size of the extension gap and the flexion gap measured with the hip in 45° flexion. The implants were fixed using bone cement. Patella tracking was confirmed with the patella reduced using the no thumb technique. Lateral retinacular release was not considered necessary in any of the cases. After tourniquet release, with the patella reduced, medial and lateral flexion-extension gaps and midflexion gaps (45° of knee flexion position) were measured with the hip in 90° flexion and 45° flexion each using navigation system ([Fig. 1](#F1){ref-type="fig"}). The distances from the proximal tibial cut surface to a site inferior to the femoral component (extension gap) and to the posterior border of the femoral component (flexion gap) were measured using a navigation probe without additional application of traction. Values measured in 0.5 mm increments were recorded for analysis when three orthopedic surgeons agreed on the flexion angles of the hip and knee joints and knee joint gaps presented on the navigation screen.

Factors that may be associated with the flexion gap, including joint line elevation, femoral component rotation, and mechanical axis deviation (MAD) were assessed: the joint line height from tibial tuberosity (JLHT), patellar tilt angle (PTA), and MAD were measured on the preoperative, postoperative, and 6-month postoperative radiographs. The preoperative JLHT was defined as the distance from the upper margin of the tibial tuberosity to the tibial plateau on the preoperative lateral radiograph and the postoperative JLHT to the lower margin of the femoral component on the postoperative radiograph[@B6]. The PTA was defined as the angle created by a line connecting the medial and lateral borders of the patella and a line connecting the most anteriorly protruding portions of the medial and lateral condyles of the femur on the merchant view[@B7]. The MAD was measured as the angle between the mechanical axis connecting the centers of the femoral head and the ankle and the anatomical axis of the tibia on the weight-bearing long-leg anteroposterior radiograph[@B8], and a varus angle was assigned a negative value whereas a valgus angle was designated a positive value.

Statistical analyses were performed using SPSS ver. 18.0 (SPSS Inc., Chicago, IL, USA). The differences in joint gaps according to hip flexion positions and the preoperative and postoperative radiographic findings were evaluated using paired t-test with significance set at p\<0.05.

Results
=======

Regarding the joint gap measurements using navigation system, the mean extension gap was 12.90±1.70 mm on the medial side and 13.28±1.70 mm on the lateral side. The mean midflexion gap measured with the knee in 45° flexion was 12.98±1.78 mm on the medial side and 13.28±1.86 mm on the lateral side. The mean flexion gap measured with the hip in the 45° flexion position was 13.02±2.17 mm on the medial side and 13.12±2.24 mm on the lateral side, whereas the value was 12.92±2.03 mm and 13.08±2.29 mm, respectively, when the hip was in the 90° flexion position. Therefore, no statistically significant differences between the medial and lateral joint gaps were observed regardless of the flexion position. The mean difference in the flexion gap between the 45° and 90° hip flexion positions ranged from 0-1.5 mm: the mean difference was 0.34±0.35 mm on the medial side and 0.40±0.43 mm on the lateral side. The medial and lateral flexion gaps for the 45° hip flexion position were greater than those for the 90° hip flexion position, but the differences were not statistically significant. In addition, no notable differences were observed in the comparison of the medial and lateral extension gaps, midflexion gaps, and flexion gaps in 45° and 90° hip flexion positions ([Table 1](#T1){ref-type="table"}).

Regarding the radiographic assessment, the mean MAD was -4.8° (range, -8.7° to -0.1°) preoperatively and -0.4° (range, -2.4° to +2.9°) postoperatively. The mean PTA was 4.1° (range, 1.0° to 6.7°) preoperatively and 2.8° (range, 0.4° to 6.3°) postoperatively. The mean JLTB was 22.15±3.23 mm preoperatively and 22.41±4.12 mm postoperatively. The changes in the in the PTA and JLTB between the preoperative and postoperative period did not show statistical significance ([Table 2](#T2){ref-type="table"}).

Discussion
==========

In this study, the mean medial and lateral flexion gaps in the 45°-90° hip-knee flexion position (13.02±2.17 mm and 13.12±2.21 mm, respectively) were greater than those in the 90°-90° flexion position (12.92±2.03 mm and 13.08±2.29 mm, respectively), but the differences were statistically insignificant. In addition, a polyethylene insert change due to notable difference in the flexion gaps between the two hip flexion positions (≥2.5 mm) was not required in any of the patients. Therefore, it is our understanding that the hip flexion position has no major influence on the flexion gap measurement in TKA, and the impact of the thigh weight on the flexion gap can be offset by soft tissue tension.

In TKA, bone resection and soft tissue balancing for lower limb alignment are primary prognostic factors[@B1],[@B2],[@B3]. Specifically, the extent of resection of the posterior femoral condyle and the proximal tibia and soft tissue laxity determine the flexion gap size between the tibia and the femur. A flexion-extension gap mismatch could result in pain, swelling, and joint instability in the early postoperative period[@B9],[@B10] and eventually lead to TKA failure in the long-term due to component loosening caused by polyethylene wear[@B11],[@B12].

An appropriate joint gap in the knee can be achieved by proper bone resection and soft tissue balancing based, in general, on the assessment of the extension gap and flexion gap measured in 90° knee flexion and either the 45° or 90° hip flexion[@B4],[@B5]. Due to the possible impact of the hip flexion positions on the tension of the surrounding soft tissues, such as the quadriceps muscle and the iliotibial band, and the thigh weight, a controversy can be raised regarding the optimal hip flexion position for precise measurement of the flexion gap in the knee. However, our study results showed that the two hip flexion positions did not result in significant differences in the flexion gap, indicating that neither the thigh weight nor the soft tissue tension has substantial influence on the joint gap at least in PCL substituting TKA.

Knee joint gaps may be associated with the extent of bone resection and soft tissue release, degree of posterior tibial slope, preservation of PCL, and rotation of implants. However, we think that these factors played a minor role in our study focusing solely on the influence of the hip flexion, considering that there was no remarkable radiographic change in the posterior tibial slope and joint line height during the preoperative and postoperative period. In addition, the flexion gap measurement was performed following bone resection and soft tissue balancing; thus, we believe the impact of such factors could be ruled out as much as possible.

Knee joint gaps are often estimated with subjective measurement methods. In an attempt to improve objectivity, spacers and tensors are employed by some surgeons[@B4],[@B13]. Tensors require manual application of joint distraction force[@B14],[@B15], and the measurement values can vary depending on the magnitude of the applied force. In addition, tensors may not allow for patellar reduction during joint gap measurement, which may affect the joint gap size[@B16],[@B17]. In contrast, navigation systems facilitate relatively accurate measurements with the patella reduced without application of distraction force. In our study, flexion gaps could be assessed with the patella reduced due to the employment of a navigation system, and the measurement errors could be minimized by using the values derived from the program for analysis.

However, considering that high soft tissue tension can be caused by pre-existing flexion contracture or severe varus deformity, the composition of the study population with only relatively mild deformity may have biased the study outcomes. Thus, we think our results should be confirmed in further studies that involve larger populations.

Conclusions
===========

There was no statistically significant difference in the flexion gap between 45° and 90° hip flexion positions in TKA. The thigh weight and soft tissue tension did not appear to influence selection of the thickness of the polyethylene insert. Therefore, we believe that the hip flexion position (45° or 90°) duding flexion gap measurement can be determined based on the surgeon\'s preference.
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Results of Measurement of Joint Gap Using Navigation System
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Values are presented as mean±standard deviation.

NS: no significant (p-value\>0.05).

^a)^Paired t-test (p-value≤0.05 considered to be significant).
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Comparisons between Preoperative (Preop) and Postoperative (Postop) Radiographic Parameters
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Values are presented as mean±standard deviation.

^a)^Paired t-test (p-value≤0.05 considered to be significant).
